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UV Light B–Mediated Inhibition of Skin Catalase
Activity Promotes Gr-1þCD11bþ Myeloid
Cell Expansion
Nicholas J. Sullivan1, Kathleen L. Tober1, Erin M. Burns1, Jonathan S. Schick1, Judith A. Riggenbach1,
Thomas A. Mace2, Matthew A. Bill2, Gregory S. Young3, Tatiana M. Oberyszyn1,4 and Gregory B. Lesinski2,4
Skin cancer incidence and mortality are higher in men compared with women, but the causes of this sex
discrepancy remain largely unknown. UV light exposure induces cutaneous inflammation and neutralizes
cutaneous antioxidants. Gr-1þCD11bþ myeloid cells are heterogeneous bone marrow–derived cells that
promote inflammation-associated carcinogenesis. Reduced activity of catalase, an antioxidant present in the
skin, has been associated with skin carcinogenesis. We used the outbred, immune-competent Skh-1 hairless
mouse model of UVB-induced inflammation and non-melanoma skin cancer to further define sex discrepancies
in UVB-induced inflammation. Our results demonstrated that male skin had relatively lower baseline catalase
activity, which was inhibited following acute UVB exposure in both sexes. Further analysis revealed that skin
catalase activity inversely correlated with splenic Gr-1þCD11bþ myeloid cell percentage. Acute UVB exposure
induced Gr-1þCD11bþ myeloid cell skin infiltration, which was inhibited to a greater extent in male mice
by topical catalase treatment. In chronic UVB studies, we demonstrated that the percentage of splenic
Gr-1þCD11bþ myeloid cells was 55% higher in male tumor-bearing mice compared with their female
counterparts. Together, our findings indicate that lower skin catalase activity in male mice may at least in part
contribute to increased UVB-induced generation of Gr-1þCD11bþ myeloid cells and subsequent skin
carcinogenesis.
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INTRODUCTION
The incidence of non-melanoma skin cancer is higher in men
compared with women (Armstrong and Kricker, 2001; Foote
et al., 2001), with men facing a 3-fold greater risk of developing
cutaneous squamous cell carcinoma and being twice as likely
to develop cutaneous basal cell carcinoma (Armstrong and
Kricker, 2001). In accordance with this sex discrepancy in
developing human skin carcinogenesis, similar findings have
been reported by our group in the Skh-1 hairless mouse model
of UVB-induced non-melanoma skin cancer (Thomas-Ahner
et al., 2007). Likewise, women with malignant melanoma,
another type of skin cancer, exhibit a survival advantage and
concurrent decreased risk of metastasis compared with men
with malignant melanoma (Joosse et al., 2011). We have
previously demonstrated that female mice have higher cuta-
neous total antioxidant levels (Thomas-Ahner et al., 2007) and
others have proposed that reactive oxygen species (ROS) may
potentiate sex differences in melanoma incidence, metastasis,
and survival (Joosse et al., 2010). However, specific cellular
and molecular factors that may contribute to sex differences
in skin cancer incidence and survival remain insufficiently
characterized.
Catalase is an important antioxidant enzyme present in the
skin that contributes to the maintenance of genomic integrity
and preservation of ROS homeostasis by scavenging and
detoxifying hydrogen peroxide into water and oxygen.
Decreased catalase activity has been previously associated
with skin carcinogenesis and progression (Pence and Naylor,
1990; Shindo et al., 1994; Gupta et al., 2001; Sander et al.,
2002, 2003; Kwei et al., 2004; Liu et al., 2009). However,
few studies have directly investigated the role of catalase in
UVB-induced inflammation in vivo.
One contributing factor to inflammation-associated carci-
nogenesis is the expansion of bone marrow–derived
Gr-1þCD11bþ myeloid cells. This heterogenous cell popu-
lation co-expresses Gr-1 (Ly-6C and Ly-6G) and CD11b
(Mac-1) in mice and is often referred to as myeloid-derived
suppressor cells (MDSC). Following an initial stimulus that
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promotes expansion, these cells can be activated by a variety
of factors associated with inflammation, infection, and cancer
to suppress T-cell and natural killer–cell function. MDSC
have been shown to accumulate within secondary lymphoid
organs and at tumor sites in multiple mouse syngeneic and
transgenic tumor models and in peripheral blood and tumor
specimens from patients with various types of cancer
(reviewed in Gabrilovich and Nagaraj, 2009; Ostrand-
Rosenberg and Sinha, 2009). Interestingly, ex vivo catalase
treatment has been shown to concurrently inhibit prolifera-
tion and promote differentiation of splenic Gr-1þCD11bþ
myeloid cells isolated from tumor-bearing mice (Kusmartsev
and Gabrilovich, 2003).
The current study set out to further define the cellular and
molecular mechanisms underlying sex differences in UVB-
induced inflammation and skin carcinogenesis. The outbred,
immune-competent Skh-1 hairless mouse model allowed to
evaluate Gr-1þCD11bþ myeloid cells during acute inflam-
mation in tumor-free mice and under chronic inflammatory
conditions in tumor-bearing mice. Our current results
demonstrated lower baseline skin catalase activity in male
mice compared with female mice and showed that acute
UVB exposure significantly inhibits skin catalase activity in
both sexes. A single UVB exposure was sufficient to increase
the percentages of Gr-1þCD11bþ myeloid cells present
in the spleen and skin, regardless of sex. Furthermore,
skin catalase activity and splenic Gr-1þCD11bþ myeloid
cell percentages were inversely correlated, and topical cata-
lase supplementation significantly inhibited UVB-induced
Gr-1þCD11bþ myeloid cell skin infiltration in male mice.
Finally, we demonstrated that male sex was a predictor of
increased expansion of splenic Gr-1þCD11bþ myeloid cells
in tumor-bearing mice.
RESULTS
Male mice demonstrate lower endogenous skin catalase activity
compared with female mice
UVB exposure initiates an acute cellular inflammatory
response that leads to the production of ROS, including
hydrogen peroxide, within the injured skin tissue. Endoge-
nous catalase is important for detoxification of hydrogen
peroxide and prevention of excessive oxidative stress in the
skin and throughout the body (Schafer and Werner, 2008).
Therefore, catalase activity was evaluated in male and female
skin to determine the capacity for hydrogen peroxide
detoxification at 48 hours following a single UVB exposure.
In nonirradiated control mice, male mice demonstrated
significantly less baseline catalase activity in the skin
compared with female mice (P¼ 0.0015). Consistent with
previous reports in female Skh-1 mice (Pence and Naylor,
1990; Shindo et al., 1994), female mice showed a mean
decrease in skin catalase activity of 70.25 nmolmin1ml1 at
48 hours post UVB exposure (Po0.0001). Similarly, male
mice showed a mean decrease in skin catalase activity of
37.97 nmolmin1ml1 at 48 hours post UVB exposure
(P¼0.0043). Both male and female mice shared similar skin
catalase activity at 48 hours following a single UVB exposure
(Figure 1).
A single UVB exposure increases the percentage of splenic
Gr-1þCD11bþ myeloid cells
Catalase has been shown to concurrently inhibit proliferation
and promote differentiation of splenic Gr-1þCD11bþ
myeloid cells ex vivo (Kusmartsev and Gabrilovich, 2003).
Our results demonstrating a sex discrepancy in baseline skin
catalase activity along with confirmation that UVB inhibited
skin catalase activity led us to consider how acute UVB
affects systemic Gr-1þCD11bþ myeloid cells. Splenic
Gr-1þCD11bþ myeloid cells were measured at 48 hours
following a single UVB exposure, the peak of the cutaneous
inflammatory response in the Skh-1 model. A representative
flow cytometric analysis of splenocyte Gr-1 and CD11b
surface staining is shown in Figure 2a. Relatively low
percentages of splenic Gr-1þCD11bþ myeloid cells were
detected in nonirradiated male and female control mice.
However, a single UVB exposure significantly increased
splenic Gr-1þCD11bþ myeloid cell percentages in both
male (P¼0.0022) and female (P¼0.0057) mice (Figure 2b).
Ly-6C and Ly-6G were separately analyzed by flow
cytometry in Gr-1þCD11bþ myeloid cells to further
characterize this splenic cell population. In both male
and female mice, the vast majority of UVB-induced
Gr-1þCD11bþ myeloid cells were Ly-6G-positive (Ly-6Gþ )
and Ly-6C-negative (Ly-6C), indicating the predominance
of the granulocytic subset of Gr-1þCD11bþ myeloid cells
(Figure 2c). Furthermore, a significant inverse correlation was
detected between skin catalase activity and the percentage of
splenic Gr-1þCD11bþ myeloid cells when compared in all
mice (r¼0.69; P¼ 0.0015; Figure 2d).
A single UVB exposure does not induce splenic
CD4þCD25þFoxP3þ regulatory T-cells
To characterize other inflammation-associated splenic immune
cell populations that have been associated with UV-induced
skin carcinogenesis (Daynes and Spellman, 1977; Fisher and
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Figure 1. Male mice demonstrate lower skin catalase activity at baseline
compared with female mice, and acute UVB exposure inhibits skin catalase
activity in both sexes. Dorsal skin catalase activity was quantified before
and at 48 hours after a single UVB exposure (n¼ 5 per sex). At baseline,
nonirradiated male mice exhibited significantly lower skin catalase activity
compared with female mice (P¼0.0015). UVB significantly reduced skin
catalase activity in male (Po0.0043) and female (Po0.0001) mice.
Horizontal bars represent the means.
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Kripke, 1982; Elmets et al., 1983), we evaluated regulatory
T-cells (T-regs) by flow cytometric analysis of cell surface CD4
and CD25 and intracellular FoxP3 in splenocytes following
a single UVB exposure. Splenic T-regs were measured at
48hours following a single UVB exposure in male and female
mice. A representative flow cytometric analysis of splenocyte
surface CD4 versus CD25 staining and subsequent intra-
cellular FoxP3 staining is shown in Figure 3a. No change in
CD4þCD25þFoxP3þ T-regs count was detected in male or
female mice following a single UVB exposure (Figure 3b).
Catalase supplementation inhibits UVB-induced
Gr-1þCD11bþ myeloid cell skin infiltration in male mice
Our data demonstrated that UVB-mediated inhibition of skin
catalase activity was associated with an increased percentage
of Gr-1þCD11bþ myeloid cells in the spleen. In addition,
previous studies have shown that catalase treatment concur-
rently inhibits proliferation while promoting differentiation
of Gr-1þCD11bþ myeloid cells ex vivo (Kusmartsev and
Gabrilovich, 2003). To directly test the effect of catalase on
UVB-induced Gr-1þCD11bþ myeloid cell skin infiltration,
male and female mice were treated topically with catalase
immediately after and at 24 hours following a single UVB
exposure. Gr-1þCD11bþ myeloid cell skin infiltration was
evaluated by confocal immunofluorescence microscopy of
Gr-1 (green) and CD11b (red) staining at 48hours following a
single UVB exposure. Representative skin images of green,
red, and green/red merged (yellow) channels from male
mice are shown in Figure 4. Histochemical staining of
hydrogen peroxide was performed to validate the enzymatic
neutralization of cutaneous hydrogen peroxide in catalase-
treated mice. Representative images of male skin demonstrate
No
UVB
20
18
16
14
12
10
%
 S
pl
en
ic 
G
r-1
+
CD
11
b+
 
ce
lls
%
 S
pl
en
ic 
G
r-1
+
CD
11
b+
 
ce
lls
8
6
4
2
0
16
14
12
10
8
6
4
2
0
0 20 40 60 80 100 120 140 160
CD
11
b-
AP
C
UVB
Female +UVB
Male +UVB
%
 O
f G
r-1
+
CD
11
b+
 
ce
lls
80
a
c
b
d
70
60
50
40
30
20
10
0
Ly-6G+ Ly-6C+ Ly-6G+/Ly-6C+
Male
Female
Female
Skin catalase activity (nmol min–1 ml–1)
Male
13.84
0.16
9.71 4.50
0.10
Gr-1-FITC
5.61
3.384.20
0.23
104103102101100104
104
103
103
102
102
101
101
100
104103102101100104103102101100
100
103
103
103
103
103
104
103
102
101
100
104
103
102
101
100
3.13 4.95
0.19
No UVB UVB
Figure 2. Acute UVB exposure increases the percentage of Gr-1þCD11bþ myeloid cells in the spleen. Male and female mice were exposed to a single
UVB dose (n¼ 5 per sex). (a) Splenic myeloid cells were assessed by flow cytometric analysis of Gr-1 and CD11b surface staining at 48 hours after UVB exposure
and in nonirradiated mice. (b) Relatively low percentages of splenic Gr-1þCD11bþ myeloid cells were detected in nonirradiated male and female control mice.
UVB significantly increased splenic Gr-1þCD11bþ myeloid cell percentages in male (P¼ 0.0022) and female (P¼0.0057) mice. Horizontal bars represent
means. (c) Ly-6G and Ly-6C were analyzed separately to characterize Gr-1þCD11bþ myeloid cell subsets. The majority of UVB-induced splenic
Gr-1þCD11bþ cells were Ly-6Gþ /Ly-6C. (d) Skin catalase activity and splenic Gr-1þCD11bþ myeloid cell percentage were compared in all mice.
A significant inverse correlation was detected (r¼0.69; P¼ 0.0015).
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elevated hydrogen peroxide at 48hours following a single
UVB exposure as compared with nonirradiated controls, and
topical catalase treatment mitigated UVB-induced hydrogen
peroxide levels (Figure 4). Whereas Gr-1 single-positive and
CD11b single-positive cells were diffusely present in the
skin of nonirradiated control mice, few to no Gr-1/CD11b
double-positive cells were detected. Gr-1 single-positive and
CD11b single-positive cells were detected at high levels
following UVB exposure. In addition, Gr-1/CD11b double-
positive cells in the skin were quantified as the mean
percentage of colocalized Gr-1/CD11b (yellow) area per
 10 field. These cells were upregulated upon UVB exposure
in both male (P¼0.0018) and female (P¼ 0.0826) mice
(Figures 5a and b). Although Gr-1 single-positive and CD11b
single-positive cells were still detected in the skin following
UVB exposure and subsequent topical catalase treatment,
catalase significantly reduced Gr-1/CD11b double-positive
cells in the skin of male mice compared with the UVB-
exposed skin of vehicle-treated male mice (Figure 5b;
P¼0.0019). Interestingly, topical catalase treatment led to a
relatively modest reduction in the percentage of Gr-1/CD11b
double-positive cells in the skin of female mice (Figure 5a).
Male sex predicts an elevated number of splenic
Gr-1þCD11bþ myeloid cells in UVB-induced skin
tumor-bearing mice
Because a single UVB exposure increased the splenic percent-
ages of Gr-1þCD11bþ myeloid cells, we evaluated this cell
population in UVB-induced skin tumor-bearing mice. We have
previously reported that male Skh-1 mice demonstrate an
increased rate of UVB-induced skin carcinogenesis (Thomas-
Ahner et al., 2007), which recapitulates that of human skin
cancer. Therefore, we hypothesized that a greater number of
systemic Gr-1þCD11bþ myeloid cells may be present in male
tumor-bearing mice. Indeed, male tumor-bearing mice exhibited
significantly higher percentages of splenic Gr-1þCD11bþ
myeloid cells as compared with female tumor-bearing mice
(P¼ 0.005; Figure 6a). To further evaluate the relationship
between sex and splenic Gr-1þCD11bþ myeloid cell percent-
ages, a multivariable linear regression model was construc-
ted, in which sex was evaluated as a predictor of splenic
Gr-1þCD11bþ myeloid cell levels. After adjusting for tumor
area, male sex was a significant predictor of elevated percent-
ages of splenic Gr-1þCD11bþ myeloid cells (P¼ 0.0280), and
male tumor-bearing mice had an estimated 55% higher level of
splenic Gr-1þCD11bþ myeloid cells for a given tumor area
compared with female tumor-bearing mice (Figure 6b).
DISCUSSION
The incidence of and mortality from skin cancer are higher in
men compared with women. Although the specific molecular
and cellular mechanisms for this sex discrepancy remain
poorly understood, imbalances in ROS have been proposed
to underlie sex differences in skin cancer incidence,
metastasis, and survival (Halliday, 2005; Thomas-Ahner
et al., 2007; Joosse et al., 2010). Preceding data support
our current findings to suggest that Gr-1þCD11bþ myeloid
cells represent an additional cell population that contributes
to UVB-induced inflammation and skin carcinogenesis.
For example, previous reports have characterized myeloid
cell skin infiltration during cutaneous inflammation and
hypersensitivity reactions following acute UV exposure
(Hammerberg et al., 1998; Katiyar et al., 1999; Sluyter and
Halliday, 2001). Gr-1þ myeloid cells have been shown to
support the growth of transplanted aggressive UV-induced
tumors in athymic nude (Pekarek et al., 1995) and syngeneic
euthymic mice (Seung et al., 1995). Similarly, Hammerberg
et al. (1996) showed that anti-CD11b treatment of immune-
competent mice inhibited UV-induced immune suppression.
In addition, MDSC were recently described in a chemically
induced cutaneous squamous cell carcinoma mouse model
(Stumpfova et al., 2010). Our current results demonstrate
a previously unreported link between UVB-mediated inhibi-
tion of skin catalase activity and the expansion of splenic
and cutaneous Gr-1þCD11bþ myeloid cells. These findings
highlight UVB-induced hydrogen peroxide as an impor-
tant mediator of this initial expansion. Future work will
be necessary to further investigate the molecular signaling
pathways that promote the activation of UVB-induced
Gr-1þCD11bþ myeloid cells in our model.
Catalase has been well characterized as an antioxidant,
but has also been shown to regulate myeloid cell differentia-
tion. For example, proliferation and differentiation of splenic
Gr-1þCD11bþ myeloid cells purified from two independent
orthotopic tumor models were inhibited and promoted,
respectively, upon ex vivo catalase treatment (Kusmartsev
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Figure 3. Acute UVB exposure does not increase the percentage of splenic
CD4þCD25þFoxP3þ regulatory T-cells. Male and female mice were
exposed to a single UVB dose (n¼4 per sex). (a) Splenic regulatory T-cells
(T-regs) were assessed by flow cytometric analysis of cell surface CD4
and CD25 and intracellular FoxP3 at 48 hours after UVB exposure and in
nonirradiated mice. (b) UVB exposure did not enhance the percentage
of T-regs in the spleen of male or female mice.
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and Gabrilovich, 2003). Our current results demonstrated
lower baseline skin catalase activity in male mice as compared
with female mice, and topical catalase supplementation
inhibited Gr-1þCD11bþ myeloid cell skin infiltration in male
mice. Although female mice did show a reduction in Gr-
1þCD11bþ myeloid cell skin infiltration following topical
catalase treatment, this effect was less pronounced than that
seen in male mice. This difference may be explained by our
data demonstrating increased sensitivity to UVB-mediated
inhibition of skin catalase activity in female mice compared
with male mice. Collectively, these results indicate that the
same UVB-induced factors that promote the inhibition of
endogenous skin catalase activity, which was greater in female
mice compared with male mice, could potentially neutralize
the effects of any additional catalase supplementation. These
data indicate that inherent sex differences could influence the
therapeutic intervention for controlling UVB-induced inflam-
mation. Furthermore, we detected an inverse correlation
between skin catalase activity and splenic Gr-1þCD11bþ
myeloid cell percentages. In addition, male skin tumor-bearing
mice exhibited higher percentages of splenic Gr-1þCD11bþ
myeloid cells compared with their female counterparts. These
data suggest that the level of skin catalase activity may
influence inflammation and the expansion of Gr-1þCD11bþ
myeloid cells following UVB exposure.
Increased percentages of systemic Gr-1þCD11bþ myeloid
cells have been described in numerous murine tumor models,
and we now show that this phenomenon extends to a model
of UVB-induced non-melanoma skin cancer. Collectively, our
findings demonstrate that endogenous skin catalase activity
may regulate Gr-1þCD11bþ myeloid cell expansion to the
spleen and skin of Skh-1 mice. Conversely, UVB exposure
inhibited skin catalase activity, which correlated with
increased splenic Gr-1þCD11bþ myeloid cell expansion
and promoted Gr-1þCD11bþ myeloid cell skin infiltration.
These data strongly suggest that excessive hydrogen peroxide
contributes to Gr-1þCD11bþ myeloid cell expansion follow-
ing UVB exposure. Furthermore, our results highlight inherent
sex discrepancies in skin catalase activity and percentages of
splenic Gr-1þCD11bþ myeloid cells in skin tumor-bearing
mice. Together, these data emphasize the influence of sex in
inflammation-related cancers.
MATERIALS AND METHODS
Animal treatments
Outbred, immune-competent male and female Skh-1 hairless mice
(6 to 8 weeks old; Charles River Laboratories, Wilmington, MA) were
housed in the vivarium at the Ohio State University according to the
requirements established by the American Association for Accredi-
tation of Laboratory Animal Care. Before beginning the studies, the
No UVB
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Figure 4. Acute UVB exposure induces Gr-1þCD11bþ myeloid cell skin infiltration that is inhibited by topical catalase supplementation. Mice (n¼ 4–5 per
treatment per sex) were treated topically with vehicle control or catalase immediately and at 24 hours following a single UVB exposure. Representative  10
images of Gr-1, CD11b, and Gr-1/CD11b merged channels are shown by confocal immunofluorescence microscopy in male skin. 40,6-Diamidino-2-
phenylindole nuclear stain is shown in blue. Gr-1 and CD11b single-positive cells were present in the skin of nonirradiated control mice, but little to no
Gr-1/CD11b colocalization was detected. At 48 hours post UVB, skin Gr-1 and CD11b single-positive cell levels were higher, and Gr-1/CD11b colocalization
was increased. Gr-1 and CD11b single-positive cells were still detected following UVB and subsequent topical catalase treatment. Catalase treatment
inhibited Gr-1þCD11bþ myeloid cell skin infiltration. Histochemical staining of hydrogen peroxide showed UVB-induced cutaneous hydrogen peroxide,
which was inhibited by topical catalase treatment. Bar¼ 5mm.
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procedures were approved by the appropriate Institutional Animal
Care and Use Committee. All mice were dorsally exposed to
2240 Jm2 UVB, previously determined to be one minimal
erythemic dose. UVB dose was determined by a UVX meter (UVP,
Upland, CA) and emitted by Philips FS40 UV lamps (American
Ultraviolet Company, Lebanon, IN). All acute studies used a single
UVB dose, and all acute data relate to 48 hours post UVB. In all,
100 IU per mouse of bovine catalase conjugated to polyethylene
glycol (Sigma-Aldrich, St Louis, MO) or Surgilube (Savage Labora-
tories, Melville, NY) vehicle control was administered topically to
mouse dorsal skin immediately following UVB exposure and at
24 hours post UVB. Nonirradiated control mice were treated
topically with vehicle alone. For skin tumor studies, mice were
exposed to UVB three times per week on nonconsecutive days for
25 weeks. Age-matched, nonirradiated mice served as controls for
the chronic tumor studies.
Immediately after killing the mice, a 0.5-cm2 area of dorsal skin
was removed and incubated in 4% fresh paraformaldehyde prepared
in sodium phosphate buffer (pH 7.2–7.4) for 4 hours at 4 1C. The
remaining dorsal skin was removed and snap frozen in liquid
nitrogen for catalase activity assays. Fixed skin was incubated in
sodium phosphate buffer containing 20% sucrose at 4 1C overnight.
The skin was then incubated in 5% glycerol in sodium phosphate
buffer containing 20% sucrose for 2 hours at 4 1C, embedded in OCT
freezing compound (Sakura, Torrance, CA), and stored at 80 1C for
hydrogen peroxide and immunofluorescence staining.
Catalase activity
Snap-frozen dorsal skin was crushed and catalase activity was
determined using the Catalase Assay Kit (Cayman Chemical, Ann
Arbor, MI) according to the manufacturer’s protocol.
Histochemical detection of hydrogen peroxide
Paraformaldehyde-fixed/OCT-embedded dorsal skin tissue sections
were cut (5mm) on Superfrost Plus microscope slides (Fisher Scientific,
Pittsburgh, PA) and stored at 80 1C until they were needed. The
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Figure 5. Topical catalase supplementation inhibits acute UVB-induced
Gr-1þCD11bþ myeloid cell skin infiltration in male mice. Confocal
immunofluorescence microscopy was used to quantify the mean percentage
of colocalized Gr-1/CD11b (green/red) area per 10 field in skin tissue
sections. (a) Compared with nonirradiated control mice, Gr-1/CD11b
colocalization analysis demonstrated UVB-induced Gr-1þCD11bþ myeloid
cell skin infiltration in female mice (P¼ 0.0826). Topical catalase
treatment had little effect in female mice. (b) Male mice demonstrated
UVB-induced Gr-1þCD11bþ myeloid cell skin infiltration (P¼ 0.0018).
Compared with UVB exposure and subsequent topical vehicle control
treatment, catalase treatment significantly inhibited Gr-1þCD11bþ
myeloid cell skin infiltration in male mice (P¼0.0019). Horizontal bars
represent means.
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Figure 6. Male UVB-induced skin tumor-bearing mice exhibit higher
percentages of splenic Gr-1þCD11bþ myeloid cells compared with female
mice. Male (n¼ 15) and female mice (n¼ 12) were exposed to UVB thrice
weekly for 25 weeks to promote skin tumorigenesis. (a) Flow cytometric
analysis of Gr-1 and CD11b surface staining of splenocytes from skin
tumor-bearing mice showed that male mice exhibited significantly higher
percentages of splenic Gr-1þCD11bþ myeloid cells compared with female
mice (P¼ 0.005). Horizontal bars represent means. (b) A multivariable linear
regression model was constructed to determine whether sex could predict
splenic Gr-1þCD11bþ myeloid cell levels. After adjusting for total tumor
area, male sex was a significant predictor of elevated splenic Gr-1þCD11bþ
myeloid cell levels (P¼ 0.0280), with an estimated 55% more splenic
Gr-1þCD11bþ myeloid cells for a given tumor area.
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histochemical methods are based on those described by Dannenberg
et al. (1994). Briefly, slides were thawed for 1hour at room temperature
and incubated in 0.1M Tris-HCl buffer (pH 7.5) containing 1mgml1
glucose (Sigma-Aldrich) and 1mgml1 3,30-diaminobenzidine (DAB)
tetrahydrochlorate hydrate (Sigma-Aldrich) for 5hours at 37 1C. Slides
were washed in deionized water, dehydrated in the following
order: 75% ethanol, 95% ethanol, 100% ethanol  2, Clear Rite 3
(Richard-Allan Scientific, Kalamazoo, MI)  2, and coverslipped with
VectaMount mounting medium (Vector Laboratories, Burlingame, CA).
Negative control slides were incubated with 150mgml1 bovine
catalase (Sigma-Aldrich) in phosphate-buffered saline (PBS) for
15minutes at room temperature, and 150mgml1 bovine catalase
was included in the 5-hour DAB incubation. Slides were evaluated
with a Nikon Eclipse E400 microscope (Melville, NY, USA), and
images were taken with a Nikon DXM1200 digital camera using
Nikon ACT-1 version 2.63 software.
Direct immunofluorescence
Paraformaldehyde-fixed/OCT-embedded dorsal skin tissue or skin
tumor sections were cut (10mm) on Superfrost Plus microscope slides
(Fisher Scientific) and stored at 80 1C until needed. Slides were
thawed for 1hour at room temperature, washed one time in PBS, and
blocked in 1 casein (Vector Laboratories) for 30minutes at room
temperature. Slides were dual-labeled with rat anti-mouse Gr-1 (Ly-6C/
Ly-6G)-Alexa Fluor 488 (Invitrogen, Camarillo, CA) and rat anti-mouse
CD11b-Alexa Fluor 647 (BD Biosciences, San Jose, CA) antibodies
diluted to 5 and 2.5mgml1, respectively, in 1 casein and incubated
for 1hour at room temperature. Background fluorescence was
determined using unstained control slides, and red–green channel
bleed-over was not detected using single-labeled slides. Following two
PBS washes, slides were incubated with 40,6-diamidino-2-phenylin-
dole nuclear stain, and mounted with ImmuMount mounting medium
(Thermo Fisher Scientific, Waltham, MA). All immunofluorescent
images were acquired at  10 or  40 magnification with an
Olympus FluoView 1000 spectral confocal microscope imaging
system (Olympus, Center Valley, PA), and the Image Processing and
Analysis in Java (ImageJ) software (http://rsbweb.nih.gov/ij) was used
for Gr-1/CD11b colocalization analysis of  10 images.
Splenocyte isolation
Spleens from Skh-1 mice were removed aseptically, disaggregated
into single-cell suspensions, and 0.2 mm filtered. Splenocytes were
washed with PBS by centrifugation, subjected to ammonium
chloride red blood cell lysis, and cryopreserved in 90% fetal bovine
serum (FBS)/10% DMSO until flow cytometric analysis.
Flow cytometric analyses
Splenocytes were thawed, washed with RPMI-1640 containing 10%
FBS (hereafter referred to as splenocyte medium) by centrifugation,
and resuspended in splenocyte medium. In total, 5 105 cells per
test were stained in 100 ml PBS containing 5% FBS (hereafter referred
to as flow buffer). Antibodies used for myeloid cell surface staining
were as follows. Rat anti-Gr-1-FITC or rat IgG2b-FITC (isotype
control), rat anti-CD11b-APC or rat IgG2b-APC, rat anti-Ly-6G-V450
or rat IgG2b-V450, rat anti-Ly-6C-PeCy7 or rat IgM-PeCy7 (BD
Biosciences). Ly-6Gþ and Ly-6Cþ events were sequentially gated
from Gr-1þCD11bþ events for subset analyses. Cells were
incubated on ice in the dark for 1 hour, washed with flow buffer
by centrifugation, and fixed in PBS containing 1% formalin for flow
cytometric analysis. The Mouse Regulatory T-cell Staining Kit #2
(eBioscience, San Diego, CA) was used for surface CD4 and CD25
staining and subsequent intracellular FoxP3 staining according to
the manufacturer’s instructions. FoxP3þ events were sequentially
gated from CD4þCD25þ events for CD4þCD25þFoxP3þ regula-
tory T-cell analysis. Not less than 1 104 events per sample were
collected on a BD FACSCaliburTM or LSRII flow cytometer (BD
Biosciences) and subsequently analyzed with Windows Multiple
Document Interface (WinMDI) Flow Cytometry Application version
2.9 (http://facs.scripps.edu/software.html).
Statistical analyses
Outcome data were analyzed using an analysis of variance
approach, with linear contrasts used for testing the comparisons of
interest. Residual plots were used to verify the model assumptions of
normality and homoscedasticity, and a logarithmic transformation
was used if necessary. Multivariable linear regression was used to
model splenic Gr-1þCD11bþ myeloid cell levels by sex and tumor
burden after log transforming both the outcome and tumor area.
P-values p0.05 were considered statistically significant.
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